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Learning
Objectives

To understand the clinicopathological features 
of frontotemporal dementia

To delineate how genetic knowledge can be leveraged 
to advance the precision medicine paradigm

To review current genetic understanding of 
frontotemporal dementia
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Age-Related Dementias

Alzheimer’s Disease

Related, “Non-Alzheimer”
Dementias

Vascular 
Dementia Lewy Body

Dementia
Frontotemporal 
Dementia 



Background

Second most common presenile dementia (<65 years)

Clinically, pathologically and genetically heterogeneous

Middle-age onset dementia (< 65, younger than AD)



Epidemiology of frontotemporal dementia

Prevalence 15-20 per 100,000 population

Incidence 3.5 per 100,000 population per year
(age range 45-64 years)

20,000 – 30,000 cases in the U.S.

Familial
(40%)

Sporadic

Onyike, CU et al. Int Rev Psychiatr, (2013)
Rohrer, JD et al. Neurology (2009)



A Historic View on FTD

Arnold Pick1892

1851    - 1924

• progressive cognitive decline
• personality change
• speech disorder: impaired comprehension

paraphasias
partial preservation of repetition

Pick A., Ueber die Beziehungen der senilen Hirnatrophie zur Aphasie, Prag Med Wochenschr, 17, 165-7 (1892)
Image source: www.wikipedia.org

71 year-old man with

Asymmetric temporal atrophy on pathology

http://www.wikipedia.org/


A Historic View on FTD

Image source:
www.wikipedia.org

Arnold Pick1911

Alois Alzheimer
(1864 – 1915)

1892

http://www.wikipedia.org/


A Historic View on FTD

1956

Escourolle, R. La maladie de Pick. Etude D’ensemble et Syntese Anatomo-Clinique, (1956)
Constantinidis, J. et al. Eur Neurol (1974)

19741892

Only 20% of cases have Pick bodies

First pathological classification



A Historic View on FTD

Escourolle, R. La maladie de Pick. Etude D’ensemble et Syntese Anatomo-Clinique, (1956)
Constantinidis, J. et al. Eur Neurol (1974)

1974 Late 1990s - today1892

Clinicopathological                                                                           Molecular

Genetic studies reveal disease-causing mutations

Immunohistochemistry: diverse protein aggregations
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Clinical FTD Subtypes

FRONTOTEMPORAL DEMENTIA  

Behavioral variant2/3

Language variants

1/3



Clinical Features of FTD

FRONTOTEMPORAL DEMENTIA  

Behavioral variant
(Pick dementia) Non-fluent variant Semantic variant

Language variant (Primary progressive aphasia)

Progressive language impairment
- Agrammatism
- Apraxia of speech
- Paraphasias (e.g. “rhinoferus”)

(e.g. “lelefant”)

Progressive language impairment
- Anomia
- Impaired comprehension
- Circumlocutious (e.g. ”a yellow 

food”)

Change in personality:
- Disinhibition
- Apathy
- Loss of empathy 

Change in behavior
- Hyperorality
- Obsessive-compulsive 
- Stereotypies
- Executive dysfunction



Clinical Features of FTD

FRONTOTEMPORAL DEMENTIA  

Behavioral variant
Non-fluent variant Semantic variant

Language variant (PPA)

Source: https://www.youtube.com/watch?v=gYUGzCbNmNASource: https://www.youtube.com/watch?v=14bWXgIvshc

https://www.youtube.com/watch?v=gYUGzCbNmNA
https://www.youtube.com/watch?v=14bWXgIvshc


Neuroimaging in Clinical FTD Subtypes

FRONTOTEMPORAL DEMENTIA  

Behavioral variant
Non-fluent variant Semantic variant

Language variant (PPA)

Left anterior temporal lobeLeft frontal lobeSymmetric or right frontal lobe

Acosta, F. et al. Cortex (2012) 



Neuroimaging in Clinical FTD Subtypes

Acosta, F. et al. Cortex (2012) 

FDG-PET imagine

AD

normal

FTDFTD

FTD

FTD



Frontotemporal Lobar Degeneration Spectrum

PSP
CBDALS Frontotemp.

Dementia
FTD-MND FTD-PSP

FTD-CBD

Alzheimer
Dementia

Logopenic variant FTD

Overlap with motor neuron disease, Alzheimer’s and atypical parkinsonism



The Treatment of FTD

SSRIs: depression, anxiety, disinhibition
Atypical neuroleptics: aggression, disinhibition
Acetylcholinesterase inhibitors: aphasia
Low dose dopaminergic agents: parkinsonism

symptomatic

Pharmacologic

Social work
Physical therapy, occupational therapy, language therapy
Family counseling, support groups
Home safety inspections
Palliative care
Hospice care

Non-Pharmacologic
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Abnormal Protein Aggregation

FRONTOTEMPORAL LOBAR DEGENERATION  

Jellinger K, Journal of Alzheimer disease and Parkinsonism, 2017



Abnormal Protein Aggregation

FRONTOTEMPORAL DEMENTIA  

Behavioral variant
Non-fluent variant Semantic variant

Language variant (PPA)

TDP-43
TDP-43    Tau

TDP-43
Tau

Clinical

Pathological



Genetics of FTD: MAPT

APP

1892 1998

Neary, D. et al. Lancet Neurol (2005)

10% of familial FTD cases

Missense & splice-site mutations

Gain of function



Corticobasal Degeneration

Progressive Supranuclear Palsy

Frontotemporal Dementia

Parkinson-Dementia Complex of Guam 

Alzheimer Dementia

Image source: Max Planck  Society

Tauopathies

Nodding Syndrome



The Genetics of FTD: GRN

Gass, J et al., Hum Mol Genet (2006)

1892 2006

10% of familial cases

Haploinsufficiency

Heterozygous missense mutations



The Genetics of FTD: C9orf72

Renton, A et al., Neuron (2011)
DeJesus-Hernandez,  et al., Neuron (2011)

1892 2011

GGGCCGGGGCCGGGGCCGGGGCCGGGGC
CGGGGCCGGGGCCGGGGCCGGGGCCGGG
GGGGCCGGGGCCGGGGCCGGGGCCGGGG
GCCGGGGCCGGGGCCGGGGCCGGGGCC
GGGGCCGGGGCCGGGGCCGGGGCCGGGG
GGGCCGGGGCCGGGGCCGGGGCCGGGGC
GGGGCCGGGGCCGGGGCCGGGGCCGGGG
GCCGGGGCCGGGGCCGGGGCCGGGGCCG
GGGGCCGGGGCCGGGGCCGGGGCCGGGG
GGCCGGGGCCGGGGCCGGGGCCGGGGCC
GGGGCCGGGGCCGGGGCCGGGGCCGGGG
GGGCCGGGGCCGGGGCCGGGGCCGGGGC
CGGGGCCGGGGCCGGGGCCGGGGCCGGG
GGGGCCGGGGCCGGGGCCGGGGCCGGGG
GCCGGGGCCGGGGCCGGGGCCGGGGCC

30% of familial cases

Molecular link between FTD & ALS

Hexanucleotide repeat expansion
[GGGGCC]n x 700-1600 (nr: <30 repeats)



Global Incidence of C9orf72

Majounie, E et al, Lancet Neurol (2012)

N = 4,448 ALS and 1,425 FTD

40% of familial ALS
8% of sporadic ALS

25-67% of familial FTD
6% of sporadic FTD



The Genetics of FTD

NINDS JHU NIA UCL

Year
1997 ’99 ’01 ’03 ’05 ’07 ’09 ’11 ’13 2015
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MAPT
PSEN1

VCP
CHMP2B

GRN

C9ORF72

Familial

sporadic

TDP-43, 

C9orf72

PSEN1

TBK1



FTD GWAS: a Role for Common Variants?

Van Deerlin, V et al. Nature Genetics (2010)

N=515 FTD-TDP patients, 2509 controls
Replication: 89 cases, 553 controls

European ancestry FTD-TDP cases

Lysosomal metabolism

Increased expression of TMEM106B



FTD GWAS: a Role for Common Variants?

Ferrari, R et al. Lancet Neurology (2014)

N=2154 FTD patients, 4308 controls

European ancestry FTD cases

Lysosomal metabolism

RAB38/CTSc in bvFTD



Genotype-Phenotype Correlations

Behavioral variant Non-fluent variant Semantic variant

MAPT GRN C9orf72 VCP CHMP2B

Tau TDP-43 FUS unknown

Adapted from Kurz, A et al. Maturitas (2014)



Genotype-Phenotype Correlations

Behavioral variant Non-fluent variant Semantic variant

MAPT GRN C9orf72 VCP CHMP2B

Tau TDP-43 FUS unknown

Adapted from Kurz, A et al. Maturitas (2014)

TBK1



Pathogenic Mechanisms of FTD

RNA 
Transcription
TDP43, FUS, 

C9orf72

Mitochondria
VCP

Cytoskeletal
MAPT

C9orf72

Protein 
Degradation

GRN, CHMP2b
TMEM106B,

RAB38, VCP, TBK1

RAN-Translation
C9orf72



Genomics of FTD: Future Directions

Genomic research highlights molecular defects involved in the 
pathogenesis of neurodegeneration

Ongoing work: Dementia Sequencing Initiative

Causative/Risk genes provide clues for rational, targeted interventions



Future Directions in FTD: Disease Modification

Scholz, SW et al. Cold Spring Harb Perspect Med (2012)

Anti-tau antibodies

Progranulin enhancers

Antisense oligonucleotides

tDCS



Summary

Common form of dementia

Treatment is supportive

Clinically, pathologically and genetically heterogeneous

Pathogenesis is poorly understood



Questions?


